We here propose that the large scale superluminal ejections observed in the galactic microquasar GRS 1915+105 during radio flare events are produced by violent magnetic reconnection episodes in the corona just above the inner edge of the magnetized accretion disk (with B ≃ 10 7 G) that surrounds the central ∼ 10 M ⊙ black hole. The process occurs during supercritical disk mass accretion (Ṁ 10 19 g s −1 ), and part of the magnetic energy released by reconnection heats the coronal gas (T c 10 7 K) that produces a steep, soft X-ray spectrum with luminosity L X ≃ 10 39 erg s −1 , in consistency with observations. The remaining magnetic energy released goes to accelerate the particles to relativistic velocities (v ∼ v A ∼ c, where v A is the Alfvén speed) in the reconnection site through a first-order Fermi process. This produces a steep power-law electron distribution N (E) ∝ E −5/2 and a corresponding synchrotron radio power-law spectrum with spectral index comparable to the one observed during the flares (S ν ∝ ν −0.75 ).
Introduction
The X-ray source GRS 1915+105 was the first galactic object to show evidence of superluminal radio expansion (Mirabel & Rodriguez 1994 , 1999 which is normally interpreted as due to relativistic jets. At a distance of 12.5 kpc and with a 10 solar mass black hole in the center of a binary system, this microquasar offers an excellent laboratory for the investigation of black hole accretion and associated jet phenomena revealing, in time scales of minutes to months, a profusion of variable emission structures (Dhawan, Mirabel, & Rodríguez 2000) .
In a recent compilation of (VLBA) radio and (RXTE and BATSE) X-ray data, Dhawan, Mirabel & Rodriguez (2000; hereafter DMR) have distinguished two distinct states of the system, the plateau and the f lare states. The plateau state is characterized by a flat radio spectrum (S ν ∝ ν 0 ) coming from a compact region of size of a few AU, and flux density 1-100 mJy. During this phase, the associated RXTE (2-12 keV) soft X-ray emission is weak, while the BATSE (20-100 keV) hard X-rays are strong. On the other hand, during the flare phase, optically thin ejecta are superluminally expelled up to thousands of AU with fluxes up to 1 Jy at λ13 cm (S ν ∝ ν −0.6 ) with rise time 1 day and fade over several days. The soft X-rays also flare during this phase and exhibit high variability, while the hard X-rays fade for few days before recovering (see Figs. 1 and 4 of DMR). The radio imaging over a range of wavelengths (13, 3.6, 2.0, and 0.7 cm) resolves the nucleus as a compact jet of length ∼ 10λ cm AU. This nuclear jet varies in time scales of ∼ 30 minutes during minor X-ray/radio bursts and reestablishes within ∼ 18 hours after a major outburst. So far, GRS 1915 + 105 has been the only system among the galactic accreting black holes of stellar mass where both AU-scale steady jets and large scale superluminal ejections have been unambiguously observed.
It is generally believed that the X-ray emission of galactic black holes and active galactic nuclei arises from hot gas accretion flow or from accretion-disk corona. In the first class of models, advection-dominated accretion flow (ADAF) of disk material into the black hole (e.g., Narayan, Mahadevan, & Quartaet 1997) , as well as, advection-dominated simultaneous inflow-outflow (ADIOS) solutions (Blandford & Begelman 1999) have been proposed. In the second class, the presence of magnetic fields in the disk-corona adds complexity to the solutions but plays an essential role in the system coupling, energy transport, and flow acceleration (e.g., Liu, Mineshige & Shibata 2002) .
The AU-scale nuclear jet of GRS 1915+105 developed in the plateau phase has been interpreted as synchrotron emission from relativistic electrons (e.g., Falke & Biermann 1999), and its origin has been attributed to disk instabilities in an ADAF-type flow (Belloni et al. 1997a, b) . According to this model, the 30-minute soft X-ray variability observed during the plateau state is explained in terms of periodic evacuation and refilling of the inner disk region on time scales of seconds as a result of thermal viscosity. This process is believed to occur in the region where the radiation pressure dominates the gas pressure and the time required to refill the disk with X-ray emitting hot gas is set by the thermal viscous time scale. The observation of radio oscillations with similar period interval supports the idea that the synchrotron emission of the nuclear jet is fed by relativistic plasma injected from the inner disk during the dips in the soft X-ray flux (DMR).
In contrast, the large superluminal radio flares observed in the ∼ 500 AU scales cannot be explained by the same viscous disk instability model, because they eject an order of magnitude more mass than the AU-scale mini − jet and the recovery time scale (of ∼ 18 hr) would require according to that model a much larger evacuation radius of disk material well beyond the radiation pressure-dominated region where the instability occurs.
In this work, we investigate the possibility that the superluminal radio flares are produced by relativistic plasma accelerated during violent magnetic reconnection events occurring in the magnetized corona just above the accretion disk. The presence of the magnetic field will also modify to some extent the parameterization of the viscous model discussed above for the nuclear radio jet.
In ¶2 we draw the potential scenario for flare production and the superluminal ejecta. Then in ¶3, we try to quantify it by computing the disk and coronal parameters and evaluating the total amount of magnetic energy released during violent reconnection in the corona; and in ¶4, we evaluate both the electron and the synchrotron power-law spectra that is produced by the accelerated particles through first-order Fermi process in the reconnection site. In ¶5 we discuss how the parameterization of the original viscous model for the nuclear jet could be modified in presence of a magnetized disk; and we finally conclude (in ¶6) with a brief discussion of the implications of our results.
A Possible Scenario
Magnetized accretion disks around rotating (Kerr) black holes (BHs) are frequently invoked to explain the high energy radiation and jet production and collimation in quasars and microquasars. The magnetic field lines originally frozen in the disk plasma will deposit along with accreting gas onto the BH horizon, therefore developing a magnetosphere around the later (see, e.g., Wang, Xiao, & Lei 2002) .
Just like in regular X-ray binary sources and cataclysmic variables, the interaction between the accretion disk and the magnetosphere of the star is believed to play a fundamental role in the production of high energy radiation and jet flow. The nature of this interaction is still a matter of debate and in the present study, we will adopt a variation of the so-called X-wind model schematically represented in Figure 1 (see also, Shu et al 1994; de Gouveia Dal Pino & Lazarian 2000 , 2001 ).
The disk accretion flow confines the magnetosphere to a radius R X where plasma stress and magnetic stress balance (Arons 1993; Frank et al. 1992) . At this radius, which also defines the inner radius of the accretion disk, the equatorial flow will divert into a funnel inflow along the closed field-lines toward the BH surface (Gosh and Lamb 1978) , and a centrifugally driven wind outflow (Arons 1986) . Recently, Shu et al. (1994 Shu et al. ( , 1998 have studied the detailed field geometry of magnetized stars accreting matter from a disk. Two surfaces of null poloidal field lines are required to mediate the geometry of the field lines of the star with those opened by the wind and those trapped by the funnel inflow emanating from the R X region. Labeled as "helmet streamer" and "reconnection ring" in Figure 1a , these magnetic null surfaces begin or end on Y points. Across each null surface, the poloidal field suffers a sharp reversal of direction. According to the Ampère's law, large electric currents must flow out of the plane shown in Figure 1a , along the null surfaces, and in the presence of finite electric resistivity, dissipation of these currents will lead to reconnection of the oppositely directed field lines (e.g., Biskamp 1997 , Lazarian & Vishniac 1999 . We here investigate the possibility that the magnetic energy released by reconnection from the helmet streamer region (Figure 1b ) is able to accelerate the plasma to relativistic velocities which will in turn produce the synchrotron radio flares.
Helmet streamers (or flare loops) are also present in the magnetic field configuration of the solar corona. The magnetic energy released by reconnection in the helmet streamer drives violent outward motions in the surrounding plasma that accelerate copious amounts of solar cosmic rays (Reames 1995) . A similar process has been recently proposed to accelerate the plasma around the helmet streamer of young born accretion-induced collapse pulsars to produce ultra-high energy cosmic rays (de Gouveia Dal Pino & Lazarian 2000 , 2001 , and may also, in principle, operate in helmet streamers of the disk-corona structure around BHs. 3
At equilibrium, the Keplerian angular speed of the accretion disk at the inner disk radius R X (Ω X ) equals the angular speed of the BH (Ω ⋆ ) (e.g., Shu et al. 1997) . In this case, a slow process of reconnection may occur near the Y-point as material blowing off the disk erode away the arch in the helmet streamer (this is possibly occurring during the more quiescent plateau state of GRS 1915+105). However, a sudden increase in the accretion rate (Ṁ ) in the disk will change R X , pushing the inner disk boundary further inward (see Eq. 1 below).
When R X changes, Ω X at the foot point of the magnetic field line will also vary in the Xregion. As the BH has too much inertia for its own angular speed to alter appreciably on the time scale of the reconnection at the null surfaces, Ω ⋆ will become different from Ω X , and the field lines attached to both the disk and the BH surface will be stretched and amplified by shear. The increased magnetic pressure of the growing toroidal field will cause the poloidal fields to bulge outward. This will tend to insert more poloidal lines into the flux of magnetic lines emanating from the X-region. The opposing lines will then be pressed together in the Y-points sufficiently rapidly as to undergo a violent flare. The onset of the flare initiates a rapid phase of reconnection particularly near the helmet streamer. Energy stored in the magnetic field is released suddenly to heat the plasma and accelerate charged particles. Some of the high speed particles will travel downward to the BH surface or to the disk to the foot points of the magnetic-arches, yielding bright X-ray emission, others will spew outward giving rise to the relativistic radio ejecta (see below).
Numerical simulations of the solar flares suggest that the disruption of helmet streamers trigger coronal mass ejections (CMEs) on the Sun when the accumulated shear has increased the field energy to a point where ejection of magnetized plasmoids opens the field lines under the helmet dome. In the present geometry, an analogous process in the reconnection ring will also sporadically inject fresh poloidal magnetic field lines to be trapped by the X-region, off-setting later violent reconnection processes in the helmet streamer. Observations of the Sun indicate that the amplification, dissipation and reconnection of the magnetic field lines is likely to occur not steadily, but sporadically, involving violent flares followed by more gradual recoveries to the pre-flare magnetic field configuration with no obvious periodicity. Similar behavior, i.e., violent flares followed by more slowly recovering of the pre-flare state is also detected in the observed superluminal radio ejecta of GRS 1915+105, thus suggesting that magnetic reconnection could be also responsible for the production of relativistic blob ejections that rapidly move to the ∼ 100 AU scales.
In the next section, we try to quantify the ideas just described.
Building the Model for the Superluminal Ejections During the Flares
Following de Gouveia Dal Pino & Lazarian 2000, we adopt Shu et al. (1999) field geometry of magnetized stars accreting matter from a disk (Fig. 1a) . The condition that the magnetic pressure balances the supersonic accretion at the inner disk radius implies
where 1 α X > 0.5 measures the amount of magnetic dipole flux that has been pushed by the disk accretion flow to the inner edge of the disk (Gosh & Lamb 1978 , Shu et al. 1994 ), µ ⋆ = B ⋆ R ⋆ is the magnetic momentum at the surface of the BH, M ⋆ and B ⋆ are the BH mass and the surface magnetic field, respectively, R ⋆ = 2GM ⋆ /c 2 is the BH Schwartzchild radius, andṀ is the disk mass accretion rate. Simple dimensional analysis of the funnel-flow configuration of Fig. 1a (e.g., Shu et al. 1997) shows that the rate of increase of magnetic energy when Ω ⋆ = Ω X can be estimated froṁ
where η < 1 is a dimensionless factor that incorporates the details of the field geometry (e.g., Shu et al. 1997) . Now, if we write |Ω ⋆ − Ω X | = SΩ X , where S is of order unity, and recall that for a Keplerian disk, the inner edge angular speed is Ω X = (GM ⋆ /R 3 X ) 1/2 , we can eliminate µ ⋆ from the equation above using Eq. (1) to obtaiṅ
This simple estimate shows that the release of magnetic energy is proportional to the disk accretion energy rate GM ⋆Ṁ /R X . For a BH with mass M ⋆ = 10M ⊙ , and Schwartzschild radius R ⋆ = 2GM/c 2 = 2.96×10 6 M 10 cm, assuming that the inner radius of the accretion disk (R X ) corresponds approximately to the last stable orbit of the BH, R X ≃ 3R ⋆ ≃ 10 7 cm, and has an accretion ratė M Ṁ Edd , whereṀ Edd = 1.4 × 10 18 M 10 g s −1 is the Eddington accretion rate and
whereṀ 19 isṀ in units of 10 19 g s −1 , and R X,7 is R X in units of 10 7 cm. As 10 α −7/2 X 1, the value ofẆ B above can be, as large as, ∼ 10 40 erg s −1 , which can be compared to the observed X-ray luminosity of GRS 1915+105 (∼ 10 39 erg s −1 ). Now, in order to evaluate more precisely the amount of magnetic energy that can be extracted from the helmet streamer through violent reconnection to produce the superluminal ejecta, we need first to evaluate the physical conditions in the magnetized disk and corona.
Disk and Corona Parameters
To evaluate the disk quantities at R X , we may employ the standard disk model (Shakura & Sunyaev 1973; Frank et al. 1992) . Under a regime of supercritical accretion in the X-region, the radiation pressure is larger than the thermal pressure and the disk will be radiation pressuredominated. In this case, 
where, q = [1 − (R ⋆ /R X ) 1/2 ] 1/4 = 0.82, T d and n d are the disk gas number density and temperature, respectively, α 0.1 is the Shakura-Sunyaev viscous coefficient in units of 0.1 (e.g., Frank et al. 1992) , andṀ 19.6 is the disk accretion rate in units of 4 × 10 19 g s −1 . The magnetic field intensity in the X-region is given by (Arons 1993 )
where, B dipole (R X ) = B ⋆ (R ⋆ /R X ) 3 is the magnetic field that would be present in the absence of the shielding disk, and H is the width of the disk which in the radiation pressure-dominated region is given by
The magnetic field at the BH surface, B ⋆ , can be obtained from Eq.
(1) and substituted into Eq. (7) above to give B X ≃ 2.8 × 10
We notice that this results a ratio between the gas and the magnetic pressure in the disk at the X-region, β = (n d kT d )/(B 2 X /8π) ≃ 10 2.9 α 7/2 X . Recently, Liu, Mineshige, & Shibata (2002) , have proposed a simple model to quantify the parameters of a magnetized disk-corona system. Assuming, like in the solar corona, that gas evaporation at the foot point of a magnetic flux tube quickly builds up the density of the corona to a certain value, and the tube radiates away the heating due to magnetic reconnection through Compton scattering, they derived the following coronal quantities (as a function of disk quantities) for a radiation pressure-dominated disk 
where n c and T c are the coronal gas number density and temperature, respectively, β 2.9 is β in units of 10 2.9 , and l 7 is the scale height of the helmet streamer in the corona in units of 10 7 cm. Although the quantities above have been computed for the purposes of the present model only in the inner disk radius R X , they are actually valid for any radius of the disk-corona within the radiation pressure-dominated region. We note that, according to the Liu et al. ′ model, smaller values of β would result more energy dissipation through the corona and larger coronal temperature and density, as indicated by Eqs. (10) and (11).
Rate of Magnetic Energy Release in the Helmet Streamer
The rate of magnetic energy that can be extracted from the helmet streamer in the corona (above and below the disk) through reconnection isẆ B ≃ (B 2 X /8π) ξv A (4πR X ) L X , where ξ = v rec /v A is the reconnection efficiency factor, v rec is the reconnection velocity, v A = B X /(4πn c µm p ) 1/2 is the coronal Alfvén speed, m p is the hydrogen mass, µ ≃ 0.615 is the mean molecular weight, and L X is the length of the reconnection region which according to Figure 2 is L X /∆R X ≈ v A /ξv A ≈ ξ −1 . For the conditions here investigated we find that v A ≃ c. Substitution of these relations into the equation above givesẆ
In order to estimate ∆R X (or L X ), we need to model the reconnection process itself. Classical reconnection schemes use to provide too slow reconnection rates. However, there is ample observational evidence that reconnection in Astrophysics may take place at very large rates which are comparable with the Alfvén speed (e.g., Dere 1996) . In a recently suggested model of turbulent reconnection, Lazarian & Vishniac (1999, hereafter LV99; have shown that wandering of magnetic field lines are the ultimate cause of fast reconnection. The scheme explains naturally flaring and other Astrophysical phenomena. A competing model based on plasma properties (Bisckamp, Schwarz & Drake, 1997) has also been recently put forward. In the present analysis, we will focus our attention on regions of strong magnetic fields, like those around the BH in the X-region during supercritical accretion rate. In this case, fast, violent reconnection (with v rec ∼ v A ) is ensured by anomalous resistivity (see Parker 1979) . Following LV99, we can estimate the width of the current sheet for which the resisitivity should be anomalous:
where ∆B ≃ B X denotes the change of the magnetic field across the reconnection region, and v th,c = ( 
Substitution of Eqs. (9), (10), and (14) into Eq. (13) 
which implies that during the supercritical accretion phase, for the set of chosen parameters, ∆R X /R X ≃ 1. Although this estimate is somewhat crude, it indicates that the conditions are more than appropriate to produce fast reconnection through anomalous resistivity over the entire inner region of the disk. Therefore, whatever processes are invoked to accelerate the particles, it is realistic to assume that the reconnection velocity that we deal with is an appreciable fraction of the local Alfvén velocity, so that the expected acceleration rate can be very large.
Now, if we plug the result above and Eq. (9) into Eq. (12), we geṫ
and the corresponding reconnection time is
which indicates that the release of magnetic energy is very fast.
The analysis of Eqs. (15) and (16) shows that the adoption of a somewhat smaller viscosity parameter α (which would imply a more quiescent disk), by an order of magnitude, for instance, would require a disk accretion rate only five times larger in order to keep the values of ∆R X /R X andẆ B unaltered.
Eq. (16) gives the total expected amount of magnetic energy rate released by fast reconnection in the helmet streamer during the supercritical accretion flare state of GRS 1915+105. Part of this energy will heat the gas that will produce X-ray luminosity, and the remaining will accelerate the charged particles to relativistic velocities producing a violent radio ejecta. But what is the fraction that goes to each part, and what is the potential acceleration mechanism in the reconnection site that can produce the superluminal radio ejections?
The evaluation of the exact fraction of the magnetic energy that goes to each of the processes above is a task out of the scope of the present work, as it depends on the detailed modeling of the conditions of the disk-corona and of the efficiency of each process. However, assuming that most of the magnetic energy released through reconnection in the corona goes to heat the plasma, Liu et al. (2002) have computed the average value of the Compton parameter (y) for an optically thin corona with an original distribution of thermal electrons, y = 4kTc mec 2 n c σ T l, which was weighted over all the disk radii. According to their results, for a disk under conditions of supercritical accretion (Ṁ Ṁ Edd ), y < 0.6, which implies a soft (and steep) X-ray spectrum, just as required by GRS 1915+105 observations during the flare state, with a spectral index α r−x = 9 4 + 4 y 1/2 − 3 2 > 1.5. This result is qualitatively consistent with the present model, as it predicts, for a magnetized disk-corona a predominantly soft X-ray spectrum during supercritical accretion.
Since observations do indicate that both, heating and acceleration of the plasma to relativistic velocities are occurring, as indicated by the observed disk X-ray luminosity of the order of ∼ 10 39 erg s −1 , and by the radio flares which suggest a jet mechanical power also of the order of ∼ 10 39 erg s −1 , at least in the nuclear region (Falcke & Biermann 1999) , we will here assume that a substantial fraction ofẆ B (Eq. 16) goes to accelerate the particles.
Let us now try to answer the second part of the question above, i.e., what could be the acceleration mechanism in the reconnection region able to produce the relativistic ejecta and the radio flare?
4.
The Acceleration Mechanism during the Flare State
As stressed by de Gouveia Dal Pino & Lazarian (2001) , the particular mechanism of particle acceleration during reconnection events is still unclear in spite of numerous attempts to solve the problem (see LaRosa et al 1996 , Litvinenko 1996 . Cosmic rays from the Sun confirm that the process is sufficiently efficient in spite of the apparent theoretical difficulties for its explanation.
Particles could, in principle, be accelerated at once to the relativistic energies by the large induced electric field within the reconnection region (e.g., Bruhwiller & Zweibel 1992 , Haswell, Tajima, & Sakai 1992 , Litvinenko 1996 de Gouveia Dal Pino & Lazarian 2000 , 2001 , but one-shot acceleration mechanism can make it difficulty to explain how particles will afterwards produce a power-law particle and synchrotron spectrum. Another possibility is that particles are accelerated by Fermi process in the reconnection site.
A schematic representation of a reconnection region is shown in Figure 2 . The upper and lower parts of the magnetic flux move towards each other with the velocity v rec . As a result, charged particles rays in the upper part of the reconnection zone "see" the lower part of the magnetic flux to approach them with a velocity 2v rec . The acceleration process is analogous to the first-order Fermi acceleration of cosmic rays in magnetized shocks (e.g., Longair 1992) and we can write
For a particle probability distribution p(θ) = 2 sin θ cos θdθ, the average energy gain per crossing of the reconnection region is 4
where θ is the pitch angle between the particle velocity and the magnetic field. The round trip of the particles between the upper and lower magnetic fluxes will produce an increment of energy twice as large. Thus the ratio of the particle energy, E, after such a round trip to its original energy, E 0 , will be
Now, the escape probability of a particle from the acceleration zone is 4v rec /c, and the probability to stay within the reconnection region is thus
and the electron particle spectrum is obtained from (see e.g., Longair 1992)
This equation indicates that the particle spectrum produced by first-order Fermi acceleration in the reconnection site is steeper than that normally produced in shocks (for which a similar simplified treatment that ignores losses and non-linearities provides N (E) ∝ E −2 ), so that the two processes may be, in principle, distinguished. Now, the Synchrotron radiation from electrons with a powerlaw distribution N (E) ∝ E −p , has a power-law frequency radio spectrum S ν ∝ ν −αr , where the spectral index is given by α r = (p − 1)/2 ≃ 0.75, which is consistent with the observed radio spectrum during the flares (α r ≃ 0.6).
5.
The X-Ray Luminosity in the Plateau State for a magnetized disk-corona After a radio flare, while the system is slowly recovering its original magnetic field configuration, the plateau phase resumes. During this recovering phase, the magnetic field intensity in the Xregion will be smaller and also the mass accretion rate.
As described in section 1, the X-ray variability during the plateau state of GRS 1915+105, has been interpreted as a result of evacuation and refilling of the inner hot accreting gas due to thermal viscosity instability in the radiation dominated region of an unmagnetized disk (e.g., Belloni et 4 We note that since the particle Larmour radius around the magnetic field in the reconnection zone, rB = γmec 2 /(ZeBX ) ≃ 10 −4 cm γ3.5 BX,7 << ∆RX (where γ3.5 = γ/3.5 is the Lorentz factor for electrons with velocities ∼ 0.92 c), the particles will remain confined time enough in the reconnection zone to be efficiently accelerated through the Fermi mechanism before escaping from the system. al. 1997a). In this model, the nuclear radio jet is produced by the material evacuated from the disk. When the presence of a disk-coronal magnetic field is taken into account, this mechanism may be still dominant in the inner disk while the accretion rate does not increase to the limit where magnetic shear in the disk and violent reconnection in the helmet streamer re-conduct the system to a flare event.
In the plateau state, the X-ray spectrum is observed to be hard and flat. As we have seen in ¶3.2, the model of Lin et al. (2002) predicts a harder X-ray spectrum when the accretion rate in the magnetized disk is sub-Eddington for which a spectral index α r−x < 1.5 is expected. Now, according to the model of Belloni et al. (1997a, b , see also DMR), the required time to refill the disk with X-ray emitting gas is set by the thermal-viscous timescale of the radiation pressure-dominated part of the accretion disk, t visc ≃ R 2 /ν, where ν = αv th,d H, and this would also give the timescale for the observed 30-minute X-ray oscillations during the plateau state. For a non-magnetized-disk they find that t visc ≃ 3α
18 s. For typical values of the viscosity parameter for a quasi-quiescent disk (α ∼ 0.01), this time scale will match the observed oscillations if R ∼ 180 km (see DMR), which must fall within the radius R rad where radiation pressure dominates. This condition still holds for a magnetized disk, except that the size of the radiation pressure-dominated disk can be slightly different depending on the value of the ratio β between the gas and the magnetic pressures. In fact, while for a non-magnetized disk (Belloni et al. 1997b )
for a magnetized disk with β ≃ 10 2.5 (see Lin et al. 2002) R rad ≃ 1. 
But if the disk in this quasi quiescent phase has α ∼ 0.01, then the value above may decrease to 1.2 × 10 7 cm, so that in this case, the presence of the magnetic field may push the radiation dominated zone inwards to the last stable orbit of the BH, thus decreasing t visc .
Conclusions and Discussion
We have here investigated the origin of the large scale superluminal ejections observed in the galactic microquasar GRS 1915+105 during radio flare events and proposed that they could be due to violent magnetic reconnection episodes in the corona just above the inner edge of the magnetized accretion disk that surrounds the central ∼ 10 M ⊙ black hole. In this region, the balance between the disk and the magnetosphere stresses implies a magnetic field intensity B X ≃ 10 7 G, and a ratio between the gas and the magnetic pressures in the disk β ∼ 10 3 , thus corresponding to a mild field.
Reconnection between the magnetic lines that arise from the disk with those of the magnetosphere of the BH becomes violent only during supercritical disk mass accretion (withṀ 10 19 g s −1 ) and lasts for very short time ∼ 3 × 10 −3 s. Whenever the system reaches this supercritical regime it will undergo an episode of violent reconnection. A substantial part of the total magnetic energy released by reconnection (∼ 2 × 10 39 erg s −1 ) heats the coronal gas to T c 10 7 K that produces a steep, soft X-ray spectrum with the expected luminosity from observations. Assuming that the remaining released magnetic energy goes to accelerate the particles to relativistic velocities (v ∼ v A ∼ c, where v A is the Alfvén speed) in the reconnection site through a first-order Fermi process, we have found that a power-law electron distribution N (E) ∝ E −5/2 , and a synchrotron radio power-law spectrum (S ν ∝ ν −0.75 ) are produced with a radio spectral index which is comparable to the one observed during the flares.
After each violent reconnection event, the system must resume a critical or sub-critical disk mass accretion and a slower reconnection rate, thus recovering the more quiescent plateau state, as described in ¶2 to 5. We have found that the non-magnetized disk model previously proposed to explain the nuclear jet produced during the plateau state of GRS 1915 + 105 (Belloni et al. 1997a, b; DMR) is compatible with the present model, except that in the later case, the size of the radiation-pressure dominated disk should be slightly modified, depending on the magnitude of the gas to the magnetic pressure ratio β. 
